he term radical hysterectomy refers to a surgery performed to excise all the peri-cervical tissues, affected by the spread of cervical carcinoma.
Anatomical and Functional Basis of Pelvic Autonomic Nerves with Regard to Radical Hysterectomy
A AB BS ST TR RA AC CT T Radical hysterectomy is a surgery performed to excise all the peri-cervical tissues that have been affected by the spread of cervical carcinoma. During this procedure, the pelvic autonomic nerves are mostly injured due to the resection of ventral, caudal and lateral parts of parametrium, thus resulting in deficiencies of urologic, anorectal, and sexual functions. The urologic complications, especially bladder atony, lead to the most common surgical morbidity. Superior hypogastric plexus, hypogastric nerve, pelvic splanchnic nerves, and inferior hypogastric plexus provide sympathetic and parasympathetic innervation to the pelvic viscera. Selective protection of these nerves would definitely improve bladder functions; this approach is known as a nerve-sparing radical hysterectomy. A detailed knowledge of pelvic autonomic nerves, with regard to anatomical and clinical perspective, will improve the surgical outcomes. the sacrum. These anatomic structures are in close proximity to the pelvic sympathetic and parasympathetic nerve fibers; therefore, the major complications arising after radical hysterectomy are urological problems. Urinary dysfunction occurs as a result of pelvic autonomic nerve injury, damaged during the parametrial resection and uterosacral ligament excision, consequently affecting up to 20% of the patients. 7 This article focuses on the anatomical and clinical role of pelvic autonomic nerves during radical hysterectomy.
AUTONOMIC NERVOUS SYSTEM
Autonomic nervous system (ANS) functions involuntarily and controls the smooth muscles present on the wall of internal organs (pupils, blood vessels, heart, lungs, liver, stomach, intestines, bladder, genitalia, etc.), cardiac muscles and also the exocrine glands, via the hypothalamus. Sympathetic and parasympathetic systems are the two main courses of the ANS (the enteric system is also considered a part of the ANS). The ANS regulates the pupillary reflex, heart and respiratory rate, blood pressure, digestive, urinary and sexual functions. Besides the afferent pathways, the efferent pathways of ANS innervate the visceral organs with presynaptic (preganglionic) and postsynaptic (postganglionic) neurons, which synapse at the ganglia.
The neurons of the sympathetic nervous system (SNS) are located at the medulla spinalis, between Thoracal (T) 1 and Lumbar (L) 2 segments. Some preganglionic axons of the sympathetic system adjoin the postganglionic axons at the sympathetic trunk, formed by the paravertebral ganglions (cervical, thoracal/lumbar and sacral ganglia) located at both sides of the vertebra. These postganglionic neurons bring about non-visceral sympathetic innervations. However, some sympathetic nerve fibers comprise splanchnic nerves, which synapse at the prevertebral ganglions (celiac, aorticorenal, superior mesenteric, and inferior mesenteric ganglia) and are responsible for sympathetic innervation of the abdominal viscera. The network of nerve fibers in close proximity to the prevertebral ganglia forms the prevertebral plexus (celiac, aortic, and superior hypogastric plexus) (Figure 1 ).
The neurons of the parasympathetic nervous system (PNS) are located at the brain stem and medulla spinalis between the second and fourth sacral (S) segments. The preganglionic nerve fibers of PNS accompany the motor neurons of the sacral spinal nerves. Before exiting the spinal nerves, they form the pelvic splanchnic nerves and join the inferior hypogastric plexus. Ultimately, they form the terminal ganglion near the target organ.
PELVIC AUTONOMIC INNERVATION
Superior hypogastric plexus (SHP) is located anterior to the aortic bifurcation at the L5 level, runs downward infero-laterally, medial to the internal iliac vessels where it is then named as the hypogastric nerve (HN). This forms the most important pathway connecting the sympathetic fibers to the pelvic viscera. Pelvic splanchnic nerves (PSN), which carry the preganglionic parasympathetic fibers from S2 to S4, are responsible for the parasympathetic innervation of pelvic viscera. They join the hypogastric nerves bilaterally and are named as the inferior hypogastric plexus (IHP) along the course ( Figure 2 ). Later, terminal branches of the inferior hypogastric plexus penetrate into the deep perineal plates of the pelvic viscera and serve as sub-plexus (rectal, utero-vaginal, and vesical plexus).
CLINICAL FUNCTIONS OF PELVIC AUTONOMIC INNERVATION

SYMPATHETIC INNERVATION
Sympathetic innervation arising from T10 to L2 segments serves as the postganglionic fibers of inferior hypogastric plexus, which is formed by the hypogastric nerve and sacral splanchnic nerves. Sympathetic nerves are responsible for:
Innervation of blood vessels, Contraction of internal urethral sphincter and internal anal sphincter, and Contraction of smooth muscles along the reproductive tract and the accessory glands of the reproductive system 
PARASYMPATHETIC INNERVATION
The parasympathetic nerves join the inferior hypogastric plexus with pelvic splanchnic nerves originating from S2 to S4. They are responsible for:
Vasodilatory effects,
Stimulation of bladder contraction, and
Controlling the activity of the enteric nervous system of the distal colon, left colic flexure and pelvic viscera
PHYSIOLOGY OF BLADDER FUNCTION
The coordinated mechanism of the sympathetic and parasympathetic system helps in the emptying of the bladder when it is full. This is facilitated by the smooth muscle contraction of the bladder. The sensory sympathetic nerve fibers transmit the sensation of bladder expansion, originating from the trigone or peritoneum over the bladder, toward the sympathetic chain of splanchnic nerves at T12. The sympathetic motor fibers inhibit the dominance on bladder while the parasympathetic ganglion acts to contract the bladder muscles. Consequently, injury to the motor parasympathetic nerves disrupts the function of the detrusor muscle of the bladder, which results in the atonic bladder.
CLINICAL ANATOMY FOR NERVE-SPARING RADICAL HYSTERECTOMY (NSRH)
The nerve-sparing approach of radical hysterectomy aims at maintaining urinary functions as well as sexual and anorectal functions. Superior hypogastric plexus is a preaortic network of pre-postganglionic nerve fibers arising from the sympathetic trunk. It forms the hypogastric nerve on each side of the sacral promontorium, 1 cm lateral to the midline and 2c m medial to the ureter and internal iliac vessels (Figure 3) . 8 During the development of pararectal space anterolateral to the presacral area, these nerve fibers are found on the posterolateral part of the rectum. The pelvic splanchnic nerves arising from the ventral roots of S2-S4 enter the pelvis through the sacral foramina by crossing the retrorectal space and lie on the lateral part of the rectum (uterosacral ligament), 4 cm lateral to the midline. 8, 9 They merge with the hypogastric nerve during the course, and the plexus so formed is, therefore, named as the inferior hypogastric plexus. The inferior hypogastric plexus is composed of hyposgastric nerve, splanchnic nerves of the sacral sympathetic trunk, and pelvic splanchnic nerves. IHP, therefore, transmits sympathetic and parasympathetic nerve fibers. The middle rectal artery, an anatomic landmark, passes through the deep lateral part of the pararectal space. Just inferior to this the pelvic splanchnic nerves lies, which are primarily responsible for detrusor contractility, vaginal lubrication, and genital swelling during sexual arousal. This is due to the adrenergic and cholinergic activity.
10,11
The pararectal fascia and perirectal adipose tissue form a line that helps to identify the IHP, which runs anterolaterally to the rectum. The most medial part of the nerve fibers that constitute the IHP runs along the uterosacral ligament. The nerve fibers of IHP pass laterally to the cervix and the vaginal fornix, moving forwards toward the base of the bladder. During this course, the nerve fibers of IHP are positioned medial to the vascular layer of parametrium and deep to the peritoneum; the posterior part supplies the rectum; and while accompanying the ureter and other close arteries, the İlker SELÇUK et al. JCOG 2018;28(4):163-9 FIGURE 3: Superior hypogastric plexus and hypogastric nerve (nerve sparing radical hysterectomy-cervical cancer patient).
nerve fibers lie deep within the ureter and inferolateral to the bladder (Figure 4) . 12, 13 The terminal ganglia near the target organ, which are an extension of IHP, consists sympathetic and parasympathetic efferent fibers innervating the bladder, ureter, uterus, and vagina. 9 After all, the pelvic sub-plexuses are the most important nerve units that preserve the urinary functions. They are located close to the target organ (extending from the lateral part of the vagina to the vesicovaginal septum and trigon of the bladder), hence a careful dissection is mandatory during the excision of the peri-cervical tissues close to the vaginal fornix, especially vesico-uterine ligament.
METHODOLOGY FOR PRESERVING PELVIC AUTONOMIC NERVES
After developing the pararectal space, the hypogastric nerve can easily be identified posterolateral to the rectum and anterior to the promontorium. After the recto-vaginal space is opened by an incision on the peritoneum of Douglas, the uterosacral ligament and recto-vaginal pillars can be identified while the rectum is mobilized postero-medially. Following the course of the hypogastric nerve would also offer a selective protection for the inferior hypogastric nerve on the lateral part of the uterosacral ligament.
While dissecting the ureter laterally from the ureteric tunnel with its surrounding fatty tissue and neurovascular bundle, the terminal branches of pelvic splanchnic nerves located at the lower portion of ureter can be preserved. Nevertheless, when the ureteric tunnel is opened and the vesico-uterine ligament is excised, some veins and nerves of the vesical plexus will definitely be sacrificed. Proper dissection of the distal ureter is the most important point in preserving bladder functions.
14 Shingo Fujii highlighted the major role of vesicouterine ligament dissection (posterior part) for achieving a complete nerve-sparing radical hysterectomy. 15 During the dissection of the lateral parametrium, deep uterine vein (an anatomic landmark) can be detected at the lower part of the uterine artery. Also, the pelvic splanchnic nerves arising from the sacral promontorium can be identified just beneath the deep uterine vein. 16 So, dissection under the deep uterine vein will damage the pelvic splanchnic nerves.
CONCLUSION
HIGH RISK KEY ZONES FOR PELVIC AUTONOMIC NERVE INJURY DURING RADICAL HYSTERECTOMY
Bladder dysfunction results either from the loss of sensation or failure of contraction of the bladder muscle (detrusor) or both. The proper knowledge of anatomic landmarks and neural compartments in the pelvis is a must in order to conserve the nerve conduction to the bladder and rectum.
A radical hysterectomy involves various steps where pelvic autonomic nerves may be injured and a meticulous dissection is therefore needed ( Figure  5 ): [16] [17] [18] [19] [20] Hypogastric nerves can be injured during resection of the uterosacral ligament at the posterior pelvic wall (lateral to rectum).
Pelvic splanchnic nerves may be injured during dissection of lateral parametrium and lymph nodes, infero-medial to the internal iliac vein beneath the deep uterine vein. Vesical branches arising from the vesical subplexus (mainly originated from inferior hypogastric plexus) can be injured during resection of vesicouterine ligament and ventral parametrium.
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